A comparative study of high spin nuclear isomers observed in the semi-magic Z=50 isotopic and N =82 isotonic chains has been carried out. The 11/2 − , 10 + and 27/2 − isomers, which occur commonly in both the chains, display nearly identical systematics in excitation energy and half-life. An energy gap of ∼ 4 MeV between the 0 + ground states and 10 + isomers and, the 11/2 − and 27/2 − isomers exists before the mid-shell, which becomes a constant ∼ 3 MeV after the mid-shell region.
I. INTRODUCTION
Nuclear isomers, which are metastable states of nuclei, may be regarded as a separate class of nuclei and their study has recently gained prominence because of many reasons, both fundamental as well as applied [1] . The experimental data on isomers have been growing significantly and the "Atlas of Nuclear Isomers" prepared by us lists more than 2450 isomers with a half-life cut-off at 10 ns [2] . This data set reveals a variety of systematics and novel features across the whole nuclear landscape [3, 4] . Such studies are expected to throw new light on the underlying nuclear structure properties of these isomeric states.
Nuclear isomers are generally classified into four types: the spin isomers, the K-isomers, the shape isomers and the fission isomers [1] . Sometimes, the seniority quantum number also plays an important role in delaying the decay of an excited state and many spin isomers may then be classified as seniority isomers. Racah had incepted the concept of the seniority [5] , which remains conserved in the states coming from particles or holes in the angular momentum orbital of 7/2 or less [6, 7] . But as we go to the 9/2 or 11/2 orbitals, seniority may not remain conserved [8] . However, it has recently been shown that the goodness of seniority may also be extended to j=9/2 and higher-j orbitals giving rise to seniority isomers in semi-magic nuclei [9] [10] [11] .
We find that the nuclear isomers in semi-magic nu- * Electronic address: bhoomika.physics@gmail.com clei having proton number Z=50 and neutron number N =82 represent a very useful set of data. This also allows us to compare the behavior of the isomers in the Sn-isotopes(N =54 to 81) approaching the neutron-drip line with the isomers in the N =82 isotones(Z=51 to 73) approaching the proton-drip line. In order to cover the full isotopic/isotonic chains, we have relaxed the cut-off limit of half-life at 10 ns and included all the known isomers in our study.
The level schemes of the Z=50, 119−130 Sn isotopes have recently been measured by using the reactions induced by light ions, deep inelastic reactions, and fission fragment studies [12] [13] [14] [15] [16] [17] [18] [19] [20] . More recently Astier et al. [21, 22] has reported detailed level schemes of the 119−126 Sn isotopes by using the binary fission fragmentation induced by heavy ions. The isomeric states 10 + and 27/2 − have been characterized as seniority v =2 and v =3 states respectively.
Similarly, the high-spin structure of the five N =82 isotones with Z=54−58 have also been studied by Astier et al. [23] , where the isomeric states like 10 + and 27/2 − , in even and odd mass isotopes respectively, have been described as broken proton pairs occupying the high-j unique parity h 11/2 orbital. Iskra et al. [24] have also focused on high-seniority states in neutron-rich even-even Sn isotopes.
It may be noted that there exist some deformed collective states giving rise to an excited rotational band in even-even light mass Sn isotopes, interpreted as 2p-2h proton configuration. Such excited bands have been observed in the 110−118 Sn isotopes [25] [26] [27] [28] [29] [30] [31] . But the 10 + isomeric state discussed in the present paper, exists as a yrast state, and does not support rotational struc-ture [32] . In this paper, we present a comprehensive study of the systematics of the 11/2 − , 10 + and 27/2 − isomeric states in the semi-magic Z=50 Sn-isotopes and N =82 isotones in section II. The energy and the half-life systematics of the nuclear isomers reveal many interesting features. We have carried out large scale shell model calculations to explain the systematic features and decipher their configurations, which we discuss in the section III. The configuration and seniority assignments to these isomeric states have also been made with the validation of their measured excitation energy and half-life trend in the sections IV and V. We then, discuss the alignment of the h 11/2 neutrons/ protons, particularly after the mid-shell in the section VI. This section also discusses the seniorities of the 2 + , 12 + , 15/2 − , and 31/2 − states, after the mid-shell. On the basis of the present study, we claim that the isomeric states 11/2 − , 10 + and 27/2 − may be identified as highspin seniority isomers throughout both the chains. We find that the seniority appears to be a reasonably good quantum number in semi-magic isomers up to j=11/2. The section VII gives an explanation of the experimental half-life systematics of these isomers in terms of the seniority and respective decay modes for both the chains. their properties from the observed and calculated systematic trends in the section VIII. The section IX summarizes and concludes the present work.
II. EXPERIMENTAL SYSTEMATICS OF Z=50 AND N =82 ISOMERS
On the basis of our compilation [2] , we find that the I =11/2 − , 10 + and 27/2 − isomers are common to both the Z=50 isotopes as well as the N =82 isotones which covers a range of 32 nucleons. It is interesting that the same valence space, consisting of 0g 7/2 , 1d 5/2 , 1d 3/2 , 2s 1/2 and 0h 11/2 orbitals, is involved in both the cases. While the neutrons occupy these orbitals in the Z=50 isomers, the protons take over that role in the N =82 isomers. This allows us to study the similarities and differences that may arise when protons are replaced by neutrons in the same set of orbitals.
We first discuss the experimental excitation energies and half-life systematics for the both Z=50 and N =82 isomers. For the sake of simplicity and discussion, we divide the available valence space of 32 nucleons in three parts, 1. Nucleon numbers 51 to 58, before the mid-shell, 2. Nucleon numbers 59 to 66, the transition-region, and 3. Nucleon numbers 67 to 81, after the mid-shell.
A. Excitation energy systematics for the Z=50 isomers
We have plotted the measured excitation energies of the 11/2 − , 10 + and 27/2 − isomers for the N =51 to 81 chain of Sn-isotopes in the top panel of Fig. 1 , where firm data are available. As the neutron number increases and crosses the midshell near N =66, the 11/2 − isomeric state briefly becomes the ground state for N =73, 75 and 77; it again becomes an isomeric state for N >77. The 10 + and the 27/2 − isomers belonging to even-even and even-odd nuclei respectively follow each other very closely throughout this region. This suggests that the configurations for the 10 + and the 27/2 − isomers are very similar in nature. Further, the separation in the excitation energies between 27/2 − and 11/2 − as well as 10 + and 0 + states remains constant, which again suggests that the same structural change is involved in going from 11/2 − to 27/2 − and 0 + to 10 + states throughout this isotopic region. As we shall show, this feature supports the interpretation of these isomers as seniority isomers. We note two striking features for the Z=50 isomers from the previous discussion. Firstly, the energy gap between the 11/2 − and 27/2 − isomeric states is quite large and varies between ∼ 4 MeV before the mid-shell. Similarly, the 10 + state appears at ∼ 4 MeV from the 0 + ground state up to the mid-shell N =64. Secondly, near the mid-shell, a transition seems to be taking place where the excitation energies suddenly dip and the gap becomes ∼ 3 MeV for 10 + and 27/2 − state, after the mid-shell.
B. Excitation energy systematics for the N =82 isomers
We have plotted a similar graph in the top panel of Fig. 2 − isomeric state exhibits a gradual decline in energy from ∼ 1.5 MeV to ∼ 0 MeV as the proton number increases from 59 to 65. It comes very close to the ground state at the proton number 65. The 10 + isomer is observed at Z=60 and 64 at energy ∼ 4 MeV, which declines to ∼ 3.5 MeV at Z=66. The 27/2 − isomers are not seen in this region. With the increase in proton number, the 11/2 − isomeric state briefly becomes the ground state for Z=67, 69 and 71 just after the mid-shell i.e. Z=66; black dots have been used to denote them. It again becomes an isomeric state for Z >71. The 10 + and the 27/2 − isomers belonging to the even-even and even-odd nuclei of this isotonic chain follow each other very closely as in the Sn-isotopes. This again confirms the similar nature of the configurations for the 10 + and the 27/2 − isomeric states similar to what was observed for the isomers in the Z=50 isotopic chain. Again, the separation in the excitation energies remains nearly constant at ∼ 3 MeV, which suggests that the same mechanism is operative in going from 11/2 − to 27/2 − and 0 + to 10 + states throughout the isotonic chain.
To sum up, we note that the main features observed in the Z=50 isotopic chain are present in the N =82 isotonic chain also. We thus find a large spacing of ∼ 4 MeV between the 11/2 − and 27/2 − , and the 0 + and 10 + isomeric excitations. The large gap declines after the mid-shell suggesting the same kind of structural change in both Z=50 isotopic and N =82 isotonic chains. We shall show that this transition in both the regions at the mid-shell is due to the change in their quasiparticle (qp) configurations and the seniority quantum numbers. We have also plotted the respective measured half-lives (in µs) of these isomers with increasing nucleon number in Fig. 3 . Due to the wide range of half-lives, we have introduced a break in the vertical scale, which is log after the break. The half-life systematics for the Z=50 isomers are plotted in the top panel, while the same for the N =82 isomers are plotted in the bottom panel. Here the black dots denote the situation where the 11/2 − state briefly becomes the ground state. It is very interesting to note that the ground state half-lives of 11/2 − state fit perfectly into the same trend as the isomeric half-lives. Further, the systematic trend in both the panels is very similar although valence protons are involved in one case while valence neutrons are involved in the other. The half-lives exhibit a rise near the mid-shell, attain a maximum value, and fall with increasing nucleon number.
The half-life of isomeric states 11/2 − shows a peak at N =71, and briefly becomes the ground state at N =73−77 for the Sn-isotopic chain. The 10 + and 27/2 − isomeric states also exhibit a maximum at neutron numbers 72 and 73 respectively. On the other hand, for the N =82 isomers, the peaks are observed at proton numbers 65, 70 and 71 for the isomeric states 11/2 − , 10 + and 27/2 − , respectively. It is noteworthy that the 11/2 − isomeric state for the N =82 isotonic chain, also shows the peak at Z=65 before becoming the ground state for the proton numbers Z=67−71. We note that the half-life of the isomeric state 10 + , common to both the regions, attains a peak when the h 11/2 neutron/ proton orbital is close to the half-filled configuration [32] . Same is true for the half-lives of the isomeric state 27/2 − in both the regions. Similar overall trend in the excitation energy and half-life for the Sn-isotopic chain and the N =82 isotonic chain also attests to the charge-symmetric nature of the interactions for the nuclei which have broadly different isospins.
It has been shown that the two body matrix elements of even tensor operators like quadrupole operator, between states with same seniority diminish at the midshell configuration [7] [8] [9] [10] [11] . As we shall show, the seniority remains reasonably good even for high-j orbitals in the semi-magic isomeric states. Therefore, the electric quadrupole transitions between the same seniority states are expected to diminish when the valence shell is nearly half-filled. This argument can be applied to explain the isomerism of the 10 + and 27/2 − states in the present context. The isomeric states 10 + and 27/2 − mostly decay via E2 transitions to the lower lying 8 + and 23/2 − states, expected to be of the same seniority i.e., ∆v =0 for both Z=50 isotopic and N =82 isotonic chain, giving rise to isomerism. The peaks of half-life for the 10 + and 27/2 − isomeric states lie near the nucleon numbers 70−73, where the h 11/2 orbital is expected to get the half-filled occupancy in both the Z=50 and N =82 regions, and the E2 matrix elements almost vanish. We further elaborate these results in the section VII.
An understanding of the half-life systematics of the 11/2 − isomers is more complex. The 11/2 − isomeric state, for both the Z=50 and N =82 regions, are observed to decay via magnetic transitions M 2 and higher, depending upon the available lower energy state. As we increase the nucleon numbers, the gamma decay energy keeps diminishing and the multipolarity rises to M 4. As a result, the half-lives increase. The decay mode begins to change at the peaks in the half-lives, and β-decay/EC takes over. All the isomers become β-decaying isomers from N =73−81, for the Z=50 Sn-isotopic chain. This is also the reason that the half-lives of the N =73−77 isotopes, where the 11/2 − becomes the ground state, also follow the same half-life trend. However, the half-lives still remain quite large because of the β-decaying mode. Similarly, the 11/2 − isomeric state, for the N =82 isotonic chain, decays via EC-decay at proton numbers Z=65−69, then competes with α-decay at Z=71, and finally becomes proton-decaying isomer for Z=73. Again, the change in the decay mode occurs at the Z=65 peak. The half-life of the Z=73 isotone, the last one to be observed, does not fit into the trend of the other isotones because of the proton-decay mode.
It would indeed be interesting to look at the detailed configurations and other properties which finally lead to the almost identical experimental systematics of the excitation energies and half-lives in both the Z=50 and N =82 regions. We have, therefore, carried out large scale shell-model calculations for these single-closed shell nuclei, which give detailed information about their configurations and allow us to fix the seniority of the isomeric states, confirming the assignments made in the earlier works. The theoretical results presented in the next section strongly support the interpretation given above and highlight the importance of seniority in the semi-magic isomers.
III. SHELL MODEL CALCULATIONS
The calculations involving many identical nucleons in a single-j configuration are easier to deal with in the nuclear shell model [6, 7] . However, the calculations for actual nuclei generally involve many particles in different orbitals. This results in the configuration mixing of different orbitals depending on their relative positions and the interaction matrix elements.
A. Calculation details
Neutrons in the Z=50 isotopes and protons in the N =82 isotones occupy the same valence space consisting of 0g 7/2 , 1d 5/2 , 1d 3/2 , 2s 1/2 and 0h 11/2 orbitals between the magic proton/neutron numbers 50 and 82. We have carried out large scale shell model calculations in the region of single closed shell nuclei for Z=50 isotopes and N =82 isotones. The calculations have been performed by using the Nushell code [33] along with the SN100PN [34] interaction. The proton and neutron single particle energies have been taken as 0.8072, 1.5623, 3.3160, 3.2238, 3.6051 MeV and −10.6089, −10.2893, −8.7167, −8.6944, −8.8152 MeV for the available 0g 7/2 , 1d 5/2 , 1d 3/2 , 2s 1/2 and 0h 11/2 valence orbitals respectively.
The calculations have been carried out for the three regions as used in the previous discussion of systematics i.e. from nucleon number 51 to 58, the mid-shell transition region from 59 to 66 and after the mid-shell having nucleon number >66. We introduce some constraints to reduce the dimensions by adding some particles to g 7/2 and d 5/2 orbitals so that the calculations remain tractable and could be done in a reasonable time. Although we already have 8 particles which could fill up the g 7/2 orbital completely, there are strong chances of mixing of g 7/2 and d 5/2 orbitals. Further, the h 11/2 orbital is required to get the desired isomeric negative spin state in this transition region. We, therefore, allow the g 7/2 to be filled by 4−8 particles.
Nucleon numbers 67 to 81, after the mid-shell
We have truncated the valence space by freezing the g 7/2 orbital after the mid-shell region, i.e. nucleon number >66. It reduces the dimensions of the calculations significantly without affecting the desired results. The remaining particles are then allowed to occupy the next four available orbitals i.e. 1d 5/2 , 1d 3/2 , 2s 1/2 and 0h 11/2 .
B. Results
The bottom panels of Fig. 1 and 2 present the calculated excitation energies for the Z=50 and N =82 isomers respectively. We find that all the three isomeric states 11/2 − , 10 + and 27/2 − are reproduced reasonably well and follow the same systematic trends as the experimental data. The relative spacing of the energies is also nearly constant before and after the mid-shell, and a transition in the excitation energy is noticed near the mid-shell. Moreover, the 10 + and 27/2 − isomeric states follow each other closely at the even-and odd-particle numbers for the Z=50 and N =82 isomers respectively. However, the calculated energy gap between the 11/2 − and 27/2 − is systematically smaller than the experimental values.
A few general comments on the generation of the required spins of these isomers are in order. We note that the spin 11/2 − can be generated only for the nucleon numbers 51 to 81 and necessarily requires the involvement of the h 11/2 orbital. Similarly, the 10 + and the 27/2 − spins can be generated only for nucleon numbers from 52 to 80 and 53 to 79, respectively. This is an outcome of the fact that it is not possible to generate the spin 10 + at the nucleon number 51 or, 81 with one particle / hole in the closed shell configurations at 50 / 82. Further, the 10 + spin at nucleon number 52 and 80 can only be generated by two particles or two holes in the h 11/2 orbital. Similarly, the 27/2 − spin at nucleon numbers 53 and 79 can only be generated by three particles or three holes in the h 11/2 orbital.
The detailed features of the calculated excitation energies for both the Z=50 and N =82 isomers are discussed below:
1. Nucleon numbers 51 to 58, before the mid-shell The relative energy gap between the 11/2 − and 27/2 − states is calculated to be ∼ 4 MeV. There is a sudden jump in the energy of 27/2 − at the nucleon number 53 for both Z=50 and N =82 isomers. This may be understood as the spin 27/2 − can be generated only by having all the three nucleons in the h 11/2 orbital which lies much higher in energy than the Fermi level. Similarly, the calculated energy of the 10 + isomeric states relative to the 0 + ground state is ∼ 4 MeV, same as the experimentally observed difference. The calculated energy of the 10 + state also exhibits a jump at the nucleon number 52. The same reason is valid here also since the 10 + state with two particles in the valence orbital can only be produced by putting them into the h 11/2 orbital, which makes it higher in energy.
Nucleon numbers 59 to 66, the transition-region
The observed trend of the experimental data is well reproduced by the calculated results. The calculated energy difference between the 11/2 − and 27/2 − states declines from 3−4 MeV to ∼ 2 MeV in going from nucleon numbers 59 to 65, which is smaller than the experimentally observed value. The 10 + isomeric state, which follows the 27/2 − state, also shows a fall in energy in this region, which is again smaller than the experimental values.
Nucleon numbers 67 to 81, after the mid-shell
As the nucleon number crosses the mid-shell configuration at 66, the 11/2 − state becomes the ground state in the calculations. The energy difference between the 0 + and 10 + states and, the 11/2 − and 27/2 − isomers becomes ∼ 2 MeV and remains constant throughout the range from 67 to 81, smaller than the measured values. Further, the 10 + states closely follow the 27/2 − state in a very smooth manner. It clearly suggests that the similar type of structure is responsible for the 10 + and 27/2 − states. The h 11/2 orbital is expected to play the main role in deciding the configuration of the isomeric states in this region since the g 7/2 remains completely filled. 
IV. THE WAVE FUNCTIONS AND THE CONFIGURATION ASSIGNMENTS
We now discuss the wave functions obtained from the shell model calculations and assign the configuration to the states by using the occupancies to the maximum partition.
A. Z=50 isomers
The wave functions obtained from the shell model calculations are analyzed for the maximum partition and presented in the form of a bar chart for the Sn-isotopes in Fig. 4 . We have plotted the calculated configurations of the 0 + , 10 + and 11/2 − , 27/2 − states corresponding to the even-even and odd-A Sn-isotopes respectively. The bottom panel of the plot shows the occupancies for the 10 + and 27/2 − states for each even and odd neutron number, which appear alternately on the x-axis. We can easily read the calculated occupancies of the different orbitals by following the color coding. For example, the red color corresponds to the d 3/2 orbital. Its absence in a bar implies no particle in the d 3/2 orbital in the configuration of that isotope. Thus the final configuration of the 10 − state in the neighboring odd-A Sn-isotope having one extra neutron. Similarly, the nature of the wave function of the 10 + state in an even-even Sn-isotope is very similar to the 27/2 − state in the neighboring odd-A Snisotope having one extra neutron. It is also noteworthy that wave functions in the chain of isotopes change very systematically, by maintaining an order.
B. N =82 isomers
Similarly, we have presented the wave functions having maximum partition for the N =82 isotonic chain in − states at every alternate even and odd proton numbers. The same color coding helps to follow the calculated occupancies for the N =82 isomers also. In a similar fashion, the top panel of Fig. 5 shows the occupancies for the maximum partition in the wave function of the 0 + and 11/2 − states in the N =82 isotones. Again the nature of the wave function of the 0 + ground state of an eveneven N =82 isotone is quite similar to the 11/2 − state in the neighboring odd-A N =82 isotone having an extra proton. Similarly, the nature of the wave function of the 10 + state in a given even-even N =82 isotone is very similar to the 27/2 − state in the neighboring odd-A N =82 isotone having an extra proton. The wave functions in the chain of isotones also change very systematically in an ordered way similar to the chain of Sn-isotopes. This comparison highlights the origin of the similar systematic features in both the regions.
V. THE AVERAGE PARTICLE NUMBERS AND THE SENIORITY ASSIGNMENTS
A. Z=50 isomers
Further insight into the configuration and structure of the various isomeric states can be obtained by plotting the average particle numbers in each of the valence orbitals for the Sn-isotopes, see Fig. 6 . The four sections of the graph show the variation of the average particle number with increasing neutron number for the 0 + , 10 + and 11/2 − , 27/2 − states corresponding to the even-even and the odd-A Sn isotopes respectively. The average particle number increases in a regular way with the increase in the neutron number as expected. However, the average particle number for the d 3/2 and s 1/2 orbitals is almost zero up to N =66, i.e. the mid-shell; it rises, thereafter, and changes in a very smooth and regular way, making negligible contribution to the desired spin states. There is a competition between the remaining three g 7/2 , d 5/2 and h 11/2 orbitals, which play an important role in deciding the final configuration of the desired spin state. The spin states 11/2 − and 27/2 − always need the involvement of the unique parity h 11/2 orbital to get the negative parity.
The average particle number variation of the orbitals involved in generating the 0 + and 11/2 − state corresponding to an even-even and the odd-A Sn-isotope respectively, has almost similar behavior. The observed variation along with the structure of the wave function confirms that the 11/2 − spin arises from the odd-neutron in the h 11/2 orbital in each odd-A Sn-isotope. It also suggests that the odd neutron in the odd-A Sn-isotopes is totally aligned.
Basic seniority rules and arguments
To explain the seniority of the isomeric states, we make use of the basic thumb rules for assigning the seniority. In simple terms, seniority is a quantum number, defined as the number of unpaired nucleons in a given nuclear state. This concept was first introduced by Racah in the atomic context [5] . It has been shown that seniority remains conserved up to j=7/2 in single-j orbital, in the generalized seniority scheme [5, 7] . The spin-states generated by nucleons in single-j shell having j=7/2 or less, do not have the chance of seniority mixing due to single possibility of seniority, which generates them. For higher-j values i.e. j >7/2, the same spin-states may belong to different seniority. It has, however, been shown recently that the j=9/2 and higher-j shells may also have partially conserved seniority [8] [9] [10] [11] . For the semi-magic nuclei, the yrast states will have the lowest seniority if a single-j shell is involved [7, 8] . It is also well known that each even-even nucleus has its ground state 0 + with seniority v =0 i.e. pair correlated state and each odd-A nucleus has its ground state with v =1 for a single-j shell configuration. Also the energy separation of two states having same ∆v does not depend on the number of the particles in the j shell for good seniority [5, 7, 8] . Here ∆v can be zero also.
Seniority
From the previous arguments and the rules, the seniority appears to be a reasonably good quantum number for the 11/2 − state, which is an isomeric as well as a ground state in the semi-magic nuclei. It is known that the 0 + ground state has the seniority v =0 for each even-even Snisotope. We may, therefore, assign the seniority v =1 for the yrast 11/2 − isomeric state, coming from the last oddparticle in the h 11/2 , throughout the odd-A Sn-isotopic chain, which is also in line with the similar structure of the wave functions of the 0 + and 11/2 − states in eveneven and odd-A Sn-isotopes respectively.
In a similar fashion, the variation of the average particle number for the isomeric states 10 + and 27/2 − is observed to be similar in nature. From the plots and the structure of the wave function, we conclude that the 27/2 − isomeric state up to N =61 (except at N =53) originates from one neutron in the h 11/2 orbital, and one broken pair each in the g 7/2 and d 5/2 orbitals. We also conclude that the seniority v of the isomeric state 27/2 − becomes large i.e. v =5 in the range N =55 to 61. In the isotopic range N =63−65, the average occupancy of the h 11/2 orbital becomes h 3 11/2 for producing the isomeric state 27/2 − , which results in a seniority v =3. For N >65, the particles keep on adding to the h 11/2 orbital, as the g 7/2 and d 5/2 orbitals are almost full. The energy difference between the 11/2 − and 27/2 − states stays nearly constant, suggesting that same mechanism is responsible in the generation of the 27/2 − state from the 11/2 − state. This confirms that the change in seniority is ∆v =2 in going from 11/2 − to 27/2 − . Seniority, therefore, remains conserved at v =3 for the isomeric state 27/2 − in the range N =63−79. It, therefore, emerges that the se- niority is actually larger before the mid-shell. This helps in explaining the larger energy gap before the mid-shell and the transition to a smaller gap after the mid-shell.
We may extend the same argument for the 10 + isomeric states in the Sn-isotopic chain. It is seen to have the h 0 11/2 configuration from N =54−56, the total spin coming from the breaking of one neutron pair each in the g 7/2 orbital and the d 5/2 orbital. The seniority v =4 may be assigned for the 10 + state in N =54−56 isotopes. The h 11/2 orbital again plays the main role in the generation of the desired 10 + spin state, having average of 2 particles from N =58 to 66 with seniority as v =2, i.e. by breaking up of one neutron pair of the h 11/2 orbital. For N >66, the particles keep on adding to the h 11/2 orbital having filled up the g 7/2 and d 5/2 orbitals. The relative placement of the 0 + and 10 + states remains nearly constant, due to the fact that the seniority stays conserved at v =2 for the 10 + state, from N =58 and onwards. The change in seniority before and after the mid-shell can explain the change in the energy difference between the 0 + and 10 + . The orbitals g 7/2 , d 5/2 and h 11/2 , thus, play the main role in deciding the features of the 10 + and 27/2 − isomers. Astier et al. [21, 22] have recently assigned the same configurations and seniorities for the Sn-isotopes from N =69 and onwards and our studies confirm the same.
B. N =82 isomers
We present in Fig. 7 , the average particle number variation for the 0 + , 10 + and 11/2 − , 27/2 − states for the even-even and odd-A N =82 isotones respectively. The d 3/2 and s 1/2 orbitals again make negligible contribution to the final configuration of these isomers. The contribution of the remaining g 7/2 , d 5/2 and h 11/2 orbitals exhibit strong similarities with the results for the Sn-isotopes. However, a difference arises in the occupation of the h 11/2 orbital which now remains vacant up to Z=62 for the 10 + state. The 10 + isomer arises by the breaking of one pair of proton each in g 7/2 and d 5/2 . The seniority of the 10 + state up to Z=62 (except at Z=52) becomes v =4, which declines to v =2 afterwards. This also confirms the previous assignments made by Astier et al. [23] for the N =82 isotonic chain with Z=54−58. This change in seniority occurs due to the different scheme of single par-ticle energies for protons as compared to the neutrons. The relative position of h 11/2 orbital in the proton valence space is higher than in the neutron valence space. This further leads to a proton configuration with seniority v =1 having an odd proton in h 11/2 for obtaining the 11/2 − state throughout the N =82 isotonic chain. We also find that the 27/2 − state has a seniority v =5 before the mid-shell, which finally becomes v =3 having three unpaired protons in the h 11/2 orbital after the mid-shell, similar to the Sn-isotopic chain.
The seniority assignment for both the Z=50 isotopic chain and N =82 isotonic chain along with the unpaired nucleon configurations have been summarized in the Tables I and II respectively. The number of particles in any configuration represents the number of unpaired nucleons in the respective orbital for the desired spin state, i.e. all the other nucleons are paired, contributing to zero angular momentum.
VI. ALIGNED NATURE OF THE h 11/2 PROTONS/NEUTRONS
Further evidence for the seniority of various isomers and the states which decay to the isomers by γ− transitions, is obtained from the alignments. For this purpose, we compare the γ− transition energies and their ratios in the even-even and odd-A isotopic/isotonic nuclei respectively.
A. The Experimental evidence
We have listed the measured gamma energies associated with the transitions ∆E Table III [2, 21, 35, 36] . We have used the notation ∆E in even-even and odd-A Sn isotopes have also been compared in Table III for 118−125 Sn isotopes, recently reported by Astier [21, 35] . Fotiades et al. [32] have compared the almost identical energies and similar structure involved in the (2 + → 0 + ) and (12 + → 10 + ) γ− transitions within the same isotopes of 116−128 Sn, and suggested that the 10 + isomeric state comes from the two aligned neutrons in the h 11/2 orbital. We have calculated the ratio of the transitions in odd-A Sn-isotope and its even-even core Sn-isotope, denoted as R(31 : 12) = ∆E 31/2 − 27/2 − /∆E 12 + 10 + , which is also ∼ 1. This further confirms the similar nature of the 27/2 − state in the odd-A Sn-isotope to the 10 + state in even-even Sn-isotope after the mid-shell as already pointed out. We, therefore, conclude that the 10 + and 27/2 − isomeric states come from the aligned two and three−neutrons in the h 11/2 orbital respectively.
By using the rules discussed in the previous section, we may assign the seniority after the mid-shell as v =0 for the 0 27/2 − in the even-even and odd-A Snisotopes. We note that the calculated ratios R(15 : 2) and R(31 : 12) also remain ∼ 1. The calculations also suggest that the one, two, and three h 11/2 neutrons align to produce the 11/2 − , 10 + and 27/2 − isomeric states respectively, after the mid-shell. Due to this, the 10 + and 27/2 − states closely follow each other after the midshell. However, it does not happen before the mid-shell due to the configuration mixings of the g 7/2 and d 5/2 orbitals with the h 11/2 orbital.
N =82 isomers
We summarize the calculated gammas ∆E Table V . The ratios R(15 : 2) and R(31 : 12) again become ∼ 1. The alignment of h 11/2 protons takes place after the mid-shell, similar to the h 11/2 neutrons in the Sn-isotopic chain. We can, therefore, draw the same conclusions for the N =82 isotonic chain as for the Z=50 isotopic chain. The similar configurations and seniorities lead to the similar kind of alignment of h 11/2 neutrons/protons for the 11/2 − , 10 + and 27/2 − isomeric states in the both Z=50 and N =82 regions. 
VII. INTERPRETATION OF THE HALF-LIFE SYSTEMATICS
The experimental half-life systematics for the isomeric states 11/2 − , 10 + and 27/2 − , in both the Z=50 and N =82 chains, show a similar trend. The seniority assignment to the states, in which the isomers decay, will now be discussed on the basis of the seniority rules. We have already noted that these isomeric states show different behavior before and after the mid-shell due to the availability of different orbitals for generating the desired spin states. Therefore, we discuss both the regions separately for the sake of simplicity.
A. After the mid-shell
The isomeric nuclei behave as single-j shell nuclei after the mid-shell, where the unique-parity h 11/2 orbital dominates. We first choose this region to discuss the role of seniority and half-lives of these isomeric states in both the isotopic and isotonic chains. We find that the 10 + and 27/2 − isomers mostly decay via E2 transitions to the lower 8 + and 23/2 − states, respectively. Also, the calculated wave functions and occupancies suggest that both the 10 + and 8 + states have the same seniority, v =2, after the mid-shell, a condition required for seniority isomers because the transition between same seniority states is hindered. Same is true for the 27/2 − and 23/2 − states too, having the seniority v =3, after the mid-shell. Further, the electric quadrupole transitions between the two same seniority states have been shown to nearly vanish when the valence shell is close to the half-filled [5, [7] [8] [9] [10] [11] . Therefore, both the isomeric states 10 + and 27/2 − show a peak near the nucleon numbers 70−73, where the h 11/2 orbital becomes half-filled. This is true for both the Z=50 isotopic and the N =82 isotonic chains. The isomeric states 10 + and 27/2 − , therefore, behave as seniority isomers, having almost conserved seniority as is also evident from the constant relative energy of these isomeric states which is particle number independent.
B. Before the mid-shell
The situation becomes rather complex before the midshell due to the multi-j shell configurations for the 10 + and 27/2 − isomeric states in both the Z=50 isotopic and N =82 isotonic chains. The multi-j shell occupancies lead to a seniority mixing in generating the desired spin states. The 10 + isomeric states have been shown to have a seniority v =2 except at the N =54 and 56, which have a seniority v =4 for the Sn-isotopic chain. Similarly, the seniority of the N =82 isotonic chain is also v =2 except for Z=54−62, where it becomes v =4.
The 10
+ isomeric states mostly decay to the available 8 + states, before the mid-shell too. The 8 + states are also found to change their seniority in the same way as the 10 + isomeric states, on the basis of the calculated occupancies and the seniority rules, for both the chains. There is an exception at 108 Sn, where the calculations suggest the seniority v =4 for the 8 + state, which differs from the seniority v =2 for the 10 + isomeric state. However, there are always good chances of seniority mixing due to the contributions from the multi-j orbitals. Still, the yrast state in the semi-magic nuclei will be dominated by the lowest possible seniority. As a result, the 10 + state becomes a seniority isomer before the mid-shell also as the E2 transitions diminish for the same seniority states. It is also found that the excitation energy for the 10 + isomeric states is independent of the particle number, which supports the interpretation.
Similarly, the 27/2 − isomeric states also have larger seniority before the mid-shell due to the g 7/2 and d 5/2 orbitals. The 27/2 − isomeric state have the approximate seniority v =5 for the nucleon numbers 55 to 61, otherwise the seniority remains v =3, in both the chains. We also assign an approximate seniority v =3 to the yrast 23/2 − states, similar to the above discussion.
We also find that the half-life of 10 + isomers in eveneven nuclei are ∼ 100 times larger than the half-life of the known 27/2 − isomers in odd-A nuclei, before the 
mid-shell. This may be a direct consequence of a larger seniority mixing in the 27/2 − states of the odd-A nuclei as compared to the 10 + states in even-even nuclei. We have already discussed that the seniority v =1 for the 11/2 − isomeric state, throughout the whole Z=50 and N =82 chains. We find that the 11/2 − state also follows the same trend in half-life as others. The − mostly decays via gamma decay before the midshell, and changes its decay mode to the beta/EC near the mid-shell as one crosses the stability region. As a result, the half-lives continue to remain large after the mid-shell.
VIII. PREDICTIONS OF POSSIBLE NEW ISOMERS
Similar configurations, occupancies and wave functions lead to similar trends in the excitation energy and the half-life for both the Z=50 and N =82 chains. Therefore, the knowledge of basic key features of one region enables us to make predictions for the unknown isomers/isomeric properties in the other region. It is well known that the population of nuclei at the drip lines is more difficult than near the stability line. The systematic features become a great tool to make a guess for the isomers in the near-drip line nuclei. We can see that the 11/2 − , 10 + and 27/2 − isomeric states are observed with many gaps for the Z=50 isotopic/ N =82 isotonic chains within the same valence space 50−82. The above results and discussion strongly suggest the existence of new isomers in the gaps, with almost similar excitation energies and half-lives. We have summarized our predictions for the new isomers in Tables VI and VII . These tables open the way for new possible experiments to explore the new isomers. We have also listed the available experimental data [36] of the yrast 11/2 − , 10 + and 27/2 − states with their excitation energies in the table VIII, which are yet to be characterised as isomeric states. They mostly follow the systematics presented in this work. These states are most likely to be isomers which needs to be confirmed by lifetime measurements.
IX. SUMMARY AND CONCLUSIONS
To summarize, we have presented a comprehensive overview of the observed excitation-energy and half-life systematics of the 11/2 − , 10 + and 27/2 − isomeric states for both the Z=50 isotopic and N =82 isotonic chains, which display strikingly identical behavior. A constant energy gap of ∼ 4 MeV between the 0 + and 10 + states and, the 11/2 − and 27/2 − isomeric states exists before the mid-shell, which becomes ∼ 3 MeV after the midshell. We have used the large scale shell model calcula- tions to understand the observed systematics and obtain the wave functions and configurations. The calculated results reproduce the experimental trend reasonably well except for the energy gap which is consistently smaller by 0.5 to 1 MeV. We have also explored the origin of these isomeric states in terms of their respective seniority, by using the well-established guidelines for seniority and seniority isomers. We find that the seniority remains quite good for all the isomeric states after the mid-shell, because of the dominant nature of the unique-parity h 11/2 nucleons. On the other hand, we find that some seniority mixing starts before the mid-shell, due to the multi-j shell configurations.
We also conclude that the isomeric states 10 + and 27/2 − states have a higher seniority before the mid-shell, which becomes lower after the mid-shell. The change in the seniority is responsible for the change in the energy gap around the mid-shell. On the other hand, the 11/2 − states have a good seniority throughout both the chains. We also find that the calculated wave functions and the average occupancies of the 11/2 − and 27/2 − states in the odd-A nuclei, have a structure which is very similar to the 0 + and 10 + states of the neighboring even-even nuclei for both the chains.
By using the alignment pattern of h 11/2 nucleons after the mid-shell, we have been able to assign the se- As a consequence, we have also been able to explain the half-life systematics of these isomeric states in terms of their configurations, seniorities and the changing decay modes. The largest value of half-life for the 11/2 − isomers occurs when the decay mode begins to change. We find that the half-lives of the 10 + and 27/2 − isomers have the largest values when the valence orbital h 11/2 becomes half-filled. To conclude, the present work highlights the importance of seniority in the semi-magic isomers.
To sum up, we find that the Sn-isotopes approaching the neutron-drip line behave in a way very similar to the N =82 isotones approaching the proton-drip line. The similarity also holds to a significant extent for the neutron-deficient Sn-isotopes and the protondeficient N =82 isotones. Therefore, this study also tests the charge-symmetric nature of the nuclear forces in the isomeric states for the nuclei which have widely different isospins. On the basis of these studies, we have made predictions for several unknown isomers, their excitation energies and half-lives for future experiments.
